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I. I n t r o d u c t i o n  
I n  a number o f  pub1 i c a t i o n s ,  peat  types have been d e f i n e d  p e t r o g r a p h i c a l l y  

by t h e i r  bo tan ica l  and "premacera l "  composi t ions (1, 2, 3, 4). "Premacerals" a r e  
t h e  o rgan ic  components i n  t h e  peats which, due t o  t h e i r  c o l o r ,  o p a c i t y ,  shape, and 
f luorescence, can be p r o j e c t e d  as t h e  probable p r o g e n i t o r s  o f  p a r t i c u l a r  c o r r e -  
sponding macerals i n  coals .  A l though th,e p e t r o g r a p h i c  c h a r a c t e r i z a t i o n  o f  peats  
c o n s t i t u t e s  an i m p o r t a n t  " f i r s t  s t e p  i n  u n d e r s t a n d i n g  t h e  o r i g i n  and  i n  
p r e d i c t i n g  t h e  general composi t ion o f  t h e  r e s u l t a n t  coa ls ,  it i s  impor tan t  t h a t  

t e s t s  (such as "prox imate"  and " u l t i m a t e "  analyses) .  Wi th  these r e s u l t s  i t  then 
becomes poss ib le  t o  develop a s e r i e s  o f  models w i t h  which t o  p r e d i c t  more 
p r e c i s e l y  t h e  chemical and phys i ca l  composi t ion o f  t h e  r e s u l t i n g  t h e o r e t i c a l  
coals. These p r e d i c t i v e  c h a r a c t e r i z a t i o n s  can be a p p l i e d  no t  o n l y  t o  t h e  
p r o j e c t e d  seam-wide v a r i a b i l i t y  i n  coal  q u a l i t y  f o r  c o a l s  produced i n  s i m i l a r  
d e p o s i t i o n a l  s e t t i n g s  as t h a t  o f  t he  s t u d i e d  peats ,  b u t  a l s o  t o  t h e  p r e d i c t i o n  o f  
t h e  v a r i a t i o n s  i n  i n d u s t r i a l  p r o p e r t i e s  o f  t h e  peats  themselves, such as f o r  
g a s i f i c a t i o n ,  l i q u i f a c t i o n ,  s o i l  c o n d i t i o n i n g ,  o rgan ic  chemical p roduc t i on  and so 
f o r t h .  

It i s  f o r  these reasons t h a t  we have i n i t i a t e d  t h i s  c o r r e l a t i v e  s tudy  o f  
peat pet rography and peat i n d u s t r i a l  -chemical ( coa l  qual  i t y )  p r o p e r t i e s .  Note 
t h a t  t h e  i n fo rma t ion  r e p o r t e d  he re in  rep resen ts  p r e l i m i n a r y  r e s u l t s  based on a 
l i m i t e d  numbet-, o f  d i f f e r e n t  t ypes  o f  peats t h a t  were analyzed f o r  o n l y  a few "coal  
q u a l i t y  t e s t s  (i.e., prox imate ana lys i s ,  u l t i m a t e  a n a l y s i s ,  and BTU con ten t ) .  
Fu tu re  s tud ies  w i l l  i n v o l v e  measurement o f  o t h e r  pe t rog raph ic  parameters and 
i n c l u d e  o t h e r  i n d u s t r i a l  analyses (such as, gas and l i q u i d  y i e l d s ,  p h y s i c a l  
p r o p e r t i e s ,  o rgan ic  chemical y i e l d s ,  and so f o r t h ) .  

I premaceral types and amounts i n  peats  be c o r r e l a t e d  w i t h  v a r i o u s  coa l  - q u a l i t y  

\ 

11. Ob jec t i ves  
The o b j e c t i v e s  o f  t h i s  s tudy  a r e  t o :  
A. Determine t h e  v a r i a t i o n s  i n  premaceral types and p r o p o r t i o n s  w i t h i n  a 

wide v a r i e t y  o f  peat  types. 
B. C o r r e l a t e  p r e m a c e r a l  c o n t e n t s  w i t h  c o r r e s p o n d i n g  p r o x i m a t e  ( f i x e d  

carbon, mois ture,  ash, v o l a t i l e  m a t t e r ) ,  u l t i m a t e  (C, H, 0, N, S) and 
h e a t i n g  va lue (BTU) analyses. 

C. P r e d i c t  t h e  p robab le  v a r i a t i o n s  i n  t h e  prox imate and u l t i m a t e  makeup and 
BTU l e v e l s  f o r  c o a l s  w h i c h  fo rmed  i n  s i m i l a r  v e g e t a t i o n a l  and 
d e p o s i t i o n a l  s e t t i n g s  t o  those of t h e  peats  s tud ied  i n  t h i s  p r o j e c t .  

111. Methods 
C a r e f u l l y  e x t r a c t e d  samples o f  peat  were s l o w l y  dehydrated i n  a s e r i e s  o f  

a l c o h o l  s o l u t i o n s  and then  embedded i n  pa ra f f i n .  A f t e r  embedding, t h i n - s e c t i o n s  
(15 microns i n  t h i c k n e s s )  were c u t  from these samples wi th  a s l i d i n g  microtome and 
mounted i n  Canada Balsam. D e t a i l s  of t h e  procedure f o r  t h e  embedding and 
sect 'on ing o f  peats have p r e v i o u s l y  been desc r ibed  by Cohen.(2,3). 

premaceral i d e n t i f i c a t i o n  was made i n  t r a n s m i t t e d  w h i t e  l i g h t ,  i n  p o l a r i z e d  
l i g h t  ( b i r e f r i n g e n c e )  and f l u o r e s c e n t  l i g h t .  P remacera l  p r o p o r t i o n s  were 
determined by area p o i n t - c o u n t i n g  a t  200 X. Proximate and u l t i m a t e  analyses and 
BTU were o b t a i n e d  f r o m  commerc ia l  t e s t i n g  l a b o r a t o r i e s  and a l s o  f rom t h e  
Department o f  Energy's Energy Technology Center a t  Grand Forks, Nor th  Dakota. 
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I V .  
A. 

ts and D i s c u s s i o n  _ _  - ~ - .~ _ _  . 
o t a n i c a l  Composi t ion 

F iau re  l a  shows t h e  r e l a t i v e  abundances o f  D lan t  a r o u m  observed i n  
m i c r o t o i e  s e c t i o n s  o f  t h e  peats. Note t h a t  these pests v a r i e d  consid- 
e r a b l y  i n  t h e i r  b o t a n i c a l  composi t ions.  The Minnesota peat cons is ted 
p redominan t l y  o f  Sphagnum (peat  moss) d e b r i s  w i t h  some grasses and 
con i fe rs .  The Maine peat  was composed mos t l y  of a l g a l  ma te r ia l  w i t h  
some Sphagnum and N mphaea (water  l i l y )  deb r i s .  The Nor th Caro l ina peat 
was dominated by l a y  t r e e  (Magnolia, Persea, Gordonia) and gum t r e e  
(-) d e b r i s ;  w h i l e  t h e  Georgia Nymphaea peat cons is ted  predominantly 
o f  Nymphaea d e b r i s .  

F igu re  l b  shows t h e  abundance o f  p l a n t  organs compr is ing the  peat. 
Again the  d i f f e r e n c e s  between peat  types a r e  pronounced. The Minnesota 
peat  i s  dominated by r o o t s  bu t  w i t h  l e s s e r  bu t  equal amounts o f  stem and 
l e a f  deb r i s .  On t h e  o t h e r  hand, t h e  Maine peat has t h e  h ighes t  concen- 
t r a t i o n  o f  leaves;  t h e  Nor th  C a r o l i n a  peat  has the  h i g h e s t  wood content 
(stems) and lowes t  l e a f  content ,  w h i l e  t h e  Georgia (Nymphaea) peat has 
t h e  h i g h e s t  p r o p o r t i o n  o f  roo ts .  

B. Premaceral Types and P r o p o r t i o n s  
One s i m p l i f i e d  b u t  u s e f u l  means o f  d i s p l a y i n g  pe t rog raph ic  com- 

p o s i t i o n  o f  peats  i n  t h i n  s e c t i o n  i s  by graphing t h e  area percentages o f  
i n g r e d i e n t s  o f  d i f f e r e n t  c o l o r s .  F igu re  2 shows such a po in t - coun t  f o r  
f o u r  r e p r e s e n t a t i v e  t ypes  o f  peat  from t h i s  study. Note t h a t  t he  
Minnesota S ha num and Georgia N m haea peats have approx imate ly  the  
same range%rs (peaking bet*ght-yellow and l i gh t -b rown)  bu t  
t h a t  t h e  Maine peat  peaked i n  t h e  c l e a r  t o  l i g h t - y e l l o w  range w h i l e  t h a t  
o f  t h e  Nor th C a r o l i n a  peat  had peaks i n  t h e  l i g h t - y e l l o w  t o  red-brown 
range and a l s o  i n  t h e  dark-brown and b l a c k  ca tegor ies .  

The Georg ia Nymphaea and Minnesota Sphagnum peats tended t o  have 
t h e  h ighes t  p r e v i t r i n i t e s  w h i l e  t h e  Nor th  Caro l i na  and Georgia Taxodium 
p e a t  ( n o t  shown) had t h e  h i g h e s t  p r e p h l o b a p h e n i t e s  (and p r e -  
c o r p o c o l l i n i t e s )  and a l s o  t h e  h i g h e s t  p r e i n e r t i n i t e s  ( p r e m i c r i n i t e s ,  
p r e f u s i n i t e s ,  and p r e s c l  e r o t i n i t e s ) .  

F i g u r e s  3 and 4 g i v e  t h e  a r e a  p e r c e n t a g e s  o f  b i r e f r i n g e n t  
premacerals found i n  t h e  samples s tud ied.  Since b i r e f r i n g e n c e  has been 
equated w i t h  c e l l u l o s e  con ten t ,  i t  might  t h e r e f o r e  be expected t h a t  
b i r e f r i n g e n c e  would decrease w i t h  depth i n  a d e p o s i t  as a r e s u l t  of 
c e l l u l o s e  d e c o m p o s i t i o n .  However, a s  can be seen i n  F i g u r e  3 
( r e p r e s e n t i n g  t w o  c o r e s  f r o m  t h e  Oke fenokee  Swamp o f  G e o r g i a ) ,  
b i r e f r i n g e n c e  may i n c r e a s e  o r  d e c r e a s e  w i th  d e p t h  depend ing  on 
s u c c e s s i o n s  o f  p e a t  t y p e s  and m o i s t u r e  c o n d i t i o n s  d u r i n g  i n i t i a l  
depos i t i on .  F i g u r e  4 shows t h a t  Georgia Nymphaea and Minnesota Sphagnum 
peats have t h e  h i g h e s t  p r o p o r t i o n s  o f  b i r e f r i n g e n t  c o n s t i t u e n t s .  

The c o n c e n t r a t i o n  o f  f l u o r e s c e n t  premacerals tended t o  c o r r e l a t e  
s l i g h t l y  w i t h  t h e  p r o p o r t i o n  o f  b i r e f r i n g e n t  premacerals. However, 
d i f f e r e n t  p l a n t  types were found t o  produce d i f f e r e n t  f l u o r e s c e n t  c o l o r s  
and i n t e n s i t i e s .  Fur thermore,  n a t u r a l  " s t a i n i n g "  (i.e., darkening o r  
c o l o r i n g  by n a t u r a l  impregna t ion  or chemical a l t e r a t i o n )  o f  c e l l  w a l l s  
tended t o  e f f e c t  b i r e f r i n g e n c e  and f l uo rescence  i n  very d i f f e r e n t  ways. 
Na tu ra l  s t a i n i n g  tended t o  c o r r e l a t e  s t r o n g l y  w i t h  b i r e f r i n g e n c e  (i.e., 
t he  da rke r  t h e  s t a i n i n g  t h e  l e s s  t h e  b i r e f r i n g e n c e ) ,  b u t  d i d  not  
c o r r e l a t e  we1 1 w i t h  o v e r a l l  f l uo rescence  p roper t i es .  For example, some 
t i s s u e s  t h a t  were h i g h l y  s t a i n e d  tended t o  have h ighe r  f luorescence 
i n t e n s i t i e s  t h a n  those  t h a t  were unsta ined.  
Prox imate and U l t i m a t e  Analyses and BTU 

F igu re  5 shows t h e  r e s u l t s  o f  p rox ima te  and u l t i m a t e  analyses and 
BTU measurement .  No te  t h a t  t h e  p e a t  f r o m  N o r t h  C a r o l i n a  (a  
l o w e r - c o a s t a l - p l a i n ,  woody, dark,  more i n e r t i n i t e - r i c h  sample) had the  
h ighes t  f i x e d  carbon, e lementa l  carbon and s u l f u r  content .  Woody 
Taxodium peats f rom Georg ia ( n o t  shown) and South C a r o l i n a  (no t  shown) 

C. 
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were s i m i l a r  i n  cha rac te r  t o  t h e  Nor th C a r o l i n a  samples. The Georgia 
Nymphaea peats, which had t h e  h i g h e s t  p r e v i t r i n i t e s ,  can be seen t o  have 
t h e  h ighes t  oxygen, hydrogen, and v o l a t i l e  m a t t e r  contents .  Note t h a t  
BTU va lues tended t o  c o r r e l a t e  more s t r o n g l y  wi th  ash con ten ts  than  w i t h  
maceral contents .  

V. Summary and Conclus ions 
P r e l i m i n a r y  c o r r e l a t i o n s  o f  p e t r o g r a p h i c  c h a r a c t e r i s t i c s  o f  peats  (i .e., 

peat  types, premaceral p ropor t i ons ,  and premaceral t ypes )  w i t h  p rox ima te  and 
u l t i m a t e  analyses suggest t h e  f o l l o w i n g  t rends :  

A. Peats w i t h  t h e  h i g h e s t  p r o p o r t i o n s  o f  b i r e f r i n g e n t  macera ls  tend  t o  have 
t h e  h i g h e s t  v o l a t i l e  m a t t e r  (and H and 0 c o n t e n t s ) .  

8. Fluorescence o f  macerals, on t h e  o t h e r  hand, seems t o  c o r r e l a t e  o n l y  
s l i g h t l y  w i t h  prox imate and u l t i m a t e  analyses.  

C. Higher p r e v i t r i n i t e  con ten ts  tend t o  c o r r e l a t e  w i t h  h i g h e r  v o l a t i l e  
ma t te r  contents .  

0, Pea ts  w i t h  h i g h e r  p r e i n e r t i n i t e s ,  p r e p h l o b a p h e n i t e s  (and p r e -  
c o r p o c o l l i n i t e s ) ,  and p r e s c l e r o t i n i t e s  have the  h i g h e s t  f i x e d  carbon. 

E. BTU c o r r e l a t e s  s t r o n g l y  w i t h  ash con ten t  and o n l y  s l i g h t l y  w i t h  maceral 
content .  
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